Objective: Patients with a high lifetime risk of developing breast cancer undergo annual screening magnetic resonance imaging (MRI) starting at age 30. A proportion of these patients are subsequently required to undergo short-interval follow-up MRI 6 months after their baseline examination. The purpose of this study was to evaluate the utility and outcome of these shortinterval follow-up examinations in this population. Methods: A retrospective review was performed of 523 patients who received their baseline high-risk breast screening MRI at our institution between 2013 and 2017. The proportion of patients who received a short-interval follow-up MRI at 6 months was recorded. The findings at baseline and follow-up MRI were recorded, as well as the outcomes and results of any interventions performed. Results: Ninety-six (17.6%) patients (age range: 25-67, mean age: 41) received a short-interval follow-up MRI following their baseline screening examination. Indications for follow-up included moderate to marked background parenchymal enhancement, nonmass enhancement, and likely benign enhancing mass. Of the 92 patients, 5 (5.4%) went on to have a biopsy, with none revealing a malignant pathology. The remainder either returned to routine screening (91.3%) or received further imaging in the form of ultrasound or additional follow-up MRI (3.3%). Conclusion: Shortinterval follow-up breast MRI in high-risk patients after a baseline screening study with likely benign findings is unlikely to yield clinically significant findings. This retrospective study can be considered a starting point for additional future work looking at the rate, indications, and yield of short-interval follow-up following baseline high-risk screening breast MRI studies.
Introduction
Breast cancer is a leading cause of morbidity and mortality across the world and represents the most common cause of cancer-related death in women worldwide. 1 Given the extensive burden of this disease, multiple screening programs have been implemented to improve detection of breast cancer in its early and potentially treatable stages. The screening protocols differ depending on the lifetime risk of developing breast cancer. In those at high risk of developing breast cancer, the general consensus is for annual mammographic and magnetic resonance imaging (MRI) screening beginning at age 30. [2] [3] [4] Women at high risk include those with a genetic mutation, such as breast cancer gene (BRCA) 1 or 2, familial predisposition, as well as those who have received prior chest radiation. The lifetime risk of breast cancer among average-risk women is considered to be less than 15%, whereas those considered high risk are over 20% to 25%. 5 Several studies have established the superiority of combined mammography and MRI compared with mammography alone in the detection of breast cancer for high-risk individuals. 4, 6, 7 A proportion of the high-risk patients receiving breast MRI are subsequently required to undergo a short-interval followup breast MRI 6 months following their baseline MRI study. This is typically due to various benign-appearing findings that do not otherwise require additional workup with ultrasound or due to excessive enhancement of the background breast parenchyma, which can limit visualization. The underlying intent of short-interval follow-up is to monitor lesions for changes at a shorter interval than the routine annual screening.
In the setting of patients receiving their baseline screening MRI, short-interval follow-up may be recommended for a variety of probable benign findings due to the lack of comparison examinations. In fact, previous studies have demonstrated that baseline screening breast MR is associated with a higher likelihood of recommendation for short-interval follow-up than MR imaging with prior comparison studies available. 8 However, the utility and benefit of short-interval follow-up breast MRI in this setting has not been well studied, which raises several concerns regarding the value of this recommendation. The purpose of this study was to evaluate the utility and outcome of short-interval follow-up breast MRI 6 months following baseline examination for patients at high risk of developing breast cancer. These studies are categorized as Breast Imaging Reporting and Data System (BI-RADS) 3. 2
Methods

High-Risk Screening Population
With institutional research ethics board approval, a retrospective study was performed of all baseline high-risk screening MRI examinations performed at 2 tertiary academic breast imaging centers (SJHH and JH, Hamilton, Canada) from 2013 to 2017. Of these examinations, the baseline MRI studies with recommendation for short-interval follow-up were isolated and further reviewed in detail. The following was recorded: patient age at time of baseline examination, parenchymal tissue composition, degree of background parenchymal enhancement (BPE), reason for short-interval follow-up, and the outcome of the short-interval follow-up. If any biopsies were performed, the histopathology results were also recorded. All patients were followed up for a total of 2 years following their baseline MRI.
The indications for high-risk breast cancer screening followed by our institution and established by Cancer Care Ontario are listed in Table 1 . All women regardless of age or menopausal status were included in this study. Those women who had a prior breast MRI examination were excluded.
Breast MRI Technique
Patients were scanned with either a 3 Tesla (Philips Achieva; Amsterdam, Netherlands) or a 1.5 Tesla (GE Signa HDX twin speed; Boston, Massachusetts, United States) magnets. The patients were scanned in a prone position. A specialized breast coil was utilized to obtain images. Intravenous administration of Gadovist contrast (0.1 mmol/kg) was used. The MRI preferably performed during days 5 to 12 of the menstrual cycle to minimize the effect of hormones on the BPE and to reduce the rate of false positives. The field of view was carefully selected to ensure adequate anatomical coverage of the region of interest while maintaining spatial resolution (extending from the clavicles to the inframammary fold, including axilla). Sequences used were localizer, axial T1-weighted fast-field echo 3-dimensional, axial T2-weighted fast-spin echo, axial diffusion-weighted imaging, and axial dynamic postcontrast sequences at 1, 2, 3, 4, 5, and 6 minutes post contrast injection, with each acquisition lasting for 90 seconds.
Magnetic Resonance Imaging Interpretation
All images were interpreted by fellowship-trained breast radiologists. Images were interpreted in conjunction with any available mammograms and clinical history. The BI-RADS categorization was applied to all examinations.
Results
In this retrospective study, a total of 523 patients who received a baseline screening breast MRI between 2013 and 2017 at our institution were reviewed ( Table 2 ). Among these, 92 (17.6%) patients received a short-interval follow-up MRI examination and were included (mean age: 41, age range: 25-67).
In terms of imaging characteristics in this population, the amount of fibroglandular tissue was predominantly categorized as scattered (39.1%) and heterogeneous (33.7%). With regard to BPE, the majority were classified as mild (34.8%) or moderate (33.7%), with several cases demonstrating marked enhancement (22.8%).
In declining frequency, the most common indications for short-interval follow-up were ''nonmass enhancement'' (NME) and ''likely benign enhancing mass'' at 34 cases each (36.9% each), followed by ''moderate or marked BPE'' (22.8%) and other (3.3%). Cases within the ''other'' category included lesions with peripheral enhancement, which may represent inflamed cysts or those with indeterminate characteristics. These results are summarized in Table 3 .
At the time of follow-up, only 5 (5.4%) patients went on to require biopsy. The remainder either returned to routine screening (91.3%) or received further imaging in the form of ultrasound or further follow-up MRI (3.3%). None of these cases were found to have clinically significant findings. Of the 5 biopsies, 4 had benign pathology and 1 case received a diagnosis of atypical lobular hyperplasia (ALH; Table 4 ). No malignancies were otherwise identified. Collectively, there were no malignancies identified among the 92 cases receiving short-interval follow-up MRI.
Discussion
Studies have demonstrated that baseline screening breast MRI is associated with a higher rate of short-interval follow-up compared to MRIs with previous available for comparison. 8, 9 This has been attributed to increased follow-up of probable benign lesions, which are later confirmed to be more definitively benign once they demonstrate stability at follow-up. Consequently, this results in a higher false-positive rate compared to breast MRI studies with a previous available for comparison. 8, 9 This finding raises several issues, particularly pertaining to the risks that patients experience with excessive and potentially unnecessary imaging. These risks include increased patient anxiety, safety concerns with gadolinium contrast exposure, false-positive findings, and higher healthcare costs. 10 Therefore, given the various consequences of repeat imaging, it is necessary to first evaluate the outcomes of patients receiving short-interval follow-up following their baseline screening examination. Specifically, assessment is required on whether or not the increased rate of follow-up among baseline scans is warranted.
In this study, we identified that 17.6% of patients at our institution received a 6-month follow-up breast MRI examination following their initial baseline study. Among the patients receiving short-interval follow-up MRI, NME and likely benign enhancing masses were the most common indications, followed by moderate to marked BPE. Subsequently, 91.3% of patients receiving short-interval follow-up returned to routine screening, with 3.3% receiving additional imaging and 5.4% (5 cases) going on to have a biopsy. None of the 5 biopsies yielded a diagnosis of malignancy. Four biopsies had benign histopathology, and 1 case had a diagnosis of ALH, which is at most a high-risk lesion.
Given that none of the cases in our study demonstrated malignancy following short-interval follow-up, further insight is required into the indications for follow-up to limit unnecessary examinations. The American College of Radiology atlas can be considered a reference in this situation, where a BI-RADS category 3 is assigned to ''probably benign findings,'' which are considered to have a malignancy rate of less than 2%, but not 0%. 11 This is the case for the 6 month follow-up MRI studies that were evaluated. However, the criteria and indications included in this category are not completely clear at this time and are listed as ''intuitive'' based on the present finding and radiologist experience. 2, 11, 12 Typically, this category was used in the setting where the interpreting physician hopes to establish stability of the area of concern before returning the patient to routine screening. Unfortunately, this leaves a broad variety of indications that would qualify for short-interval follow-up, particularly in the setting of a baseline screening examination. The few published studies evaluating the frequency of BI-RADS 3 categorization in breast MRI screening report a rate of 6% to 12%. [12] [13] [14] Therefore, further research may be directed toward evaluating the indications for follow-up in baseline screening examinations to achieve the 6% to 12% range. A few studies have been performed evaluating the common indications for short-interval follow-up breast MRI and whether they are appropriate for such a recommendation. 12, [14] [15] [16] [17] DeMartini et al 18 studied the impact of BPE on the diagnostic performance of breast MRI and found that increased BPE was associated with a higher abnormal interpretation rate (BI-RADS 0, 3, 4, or 5) and more likely to receive short-interval follow-up but was not related to significant differences in positive biopsy rate or cancer yield.
Additionally, in regard to follow-up for NME, Chikarmane et al found that there is limited consensus regarding the particular NME features with less than a 2% chance of malignancy. 17, 19 However, some guidance was provided on the likelihood of malignancy based on morphology of enhancement. 17, 20 Specifically, clustered ring enhancement as a subtype of NME was found to have a higher positive predictive value for malignancy compared to other forms of NME. Overall, further research in this area and adherence to accepted guidelines may be of particular benefit in reducing short-interval follow-up rates in the setting of baseline screening MRIs, where comparison examinations are not available to demonstrate stability.
In summary, the findings of this study suggest that shortinterval follow-up following a baseline screening breast MRI for a number of nonspecific findings has a very low likelihood of identifying malignancy. However, there are several limitations of this study that must be acknowledged. First, the sample size may not be sufficiently large enough to definitively determine the utility of short-interval follow-up in the setting of baseline screening breast MRI examinations. It is possible that a higher sample size may demonstrate cases of malignancy, which were not found in our patient population. Furthermore, the specific details of each indication for short-interval followup were not recorded. There are various subtypes and characteristics of ''NME'' and ''likely benign enhancing masses'' that may provide more specific information to better risk stratify patients receiving follow-up examinations. Additionally, the timing of the MRI study with respect to the patient's cycle was not recorded; this can have an impact on BPE. Nevertheless, this retrospective study can be considered a starting point for additional future work looking at the rate and yield of short-interval follow-up following baseline screening breast MRI studies.
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